Over 75 published genomic DNA sequences from several higher plants have been collected and flanking regions of the leader sequences have been analysed.
INTRODUCTION
This review represents the first collection of 79 higher plant genomic DNA sequences where the region between a putative TATA box and the translation start site has been analysed in order to search for any novel features of plant genes.
Earlier, Kozak (61) had compiled over 200 eukaryotic mRNA sequences flanking the translation initiation site supporting the hypothesis of 'Scanning mechanism of translation initiation 1 (62) which stated that:
1) 40 S ribosomal subunits bind at the capped 5' end of eukaryotic mRNA and migrate towards 3' end until an AUG triplet is found. This first AUG codon acts as a unique translation initiation site in a majority of the cases.
2)
The flanking sequence of first 'AUG' is important in deciding whether this codon is in an optimum or suboptimum context. In the latter event, some 40 S subunits bypass that site and initiation is from an AUG farther downstream.
The optimal context sequence derived by Kozak was CCACCAUG(G) . The Importance of purine at G -3 position and pyrimidines at -2 and -1 positions from AUG codon has been confirmed using site directed mutagenesis (62, 63) .
Out of 211 mRNAS included in the aforesaid compilation, only 8 were plant mRNAs owing to the fact that only a limited number of plant genes had been sequenced, analysed and published at the time.
It is therefore, of interest to examine the currently available more extensive data and to see what picture emerges in higher plants. Table 1 represents the compilation of 79 plant genomic DNA sequences where sequences flanking the putative/observed translation initiation site are included.
Most of these nuclear genes are inducible and are members of multigene families serving various functions in plant metabolism. While selecting the genes histones, transposable elements, pseudogenes, truncated genes in leader sequences, chloroplast or mitochondrial sequences and cDNAs were excluded. In order to search for additional specific features of leader sequences in higher plants, the region between transcription start site and translation start site has been scanned manually and the conclusions are shown in Table 1 .
In 38% of these genes, however, no confirmation of transcription start site was available by S 1 nuclease mapping or primer extension experiments. The transcription start site was predicted in these cases using more than one of the criteria listed below:
1. Proposed consensus sequence for transcription start site in eukaryotes (64) 2.
Homology of sequences to the closely related genes where S nuclease mapping or similar data was available.
3.
Distance between putative TATA box and transcription start site which was suggested to be 25-30 bp (64).
The suggestions for putative transcription start site made by the authors who published these sequences have also been taken into consideration.
The proposed transcription start sites in these cases should be regarded as tentative and need confirmation. The flanking sequences of putative TATA box have been compiled in order to find the consensus for TATA box and flanking regions in genes which are known to be induced by different environmental or biological factors.
RESULTS AND DISCUSSION
The following generalizations and features emerge from the data presented in Table 1 and Table 2 , the data in the latter being derived from those set out in Table 1 : Context sequence of translation start site:
1.
The first 'AUG rule 1 is consistent in 92% of the plant genes matching very well with Kozak's (61) observation in this regard. The sequences given in Tables 1 and 2 are those of plus strand of DNA, from which mRNA sequences can be simply obtained by replacing T by U.
For the sake of uniformity in further discussion, only T will be mentioned instead of U. In 15% of the total genes,the functional ATG is in suboptimum context (no A/G at -3 position) which should not be selected for efficient translation if scanning mechanism is true (62).
Presence of pyrimidine at -3 position in earlier compilation was only in about 3% (6 out of 211) of mRNA's (61). Only 6 genes in the present compilation have ATGs upstream from the proposed or observed initiator codon.
In soybean actin gene PSAc3, the 2 upstream ATGs are in suboptimum context whereas the functional ATG appears in optimum context (33).
In maize actin gene, there are 3 upstream ATG codons, one of which is at the predicted site of transcription initiation (32).
How context sequence contributes to the bypassing of this ATG is not apparent.
The two further downstream ATGs are in weak context unlike the functional ATG.
Similarly, maize GST 1 gene has upstream ATG at mRNA start site which has been mapped by S. nuclease protection assay (52).
In all the three genes described above, the upstream ATGs are followed by in-frame terminator codons before the proposed/observed functional ATG is reached.
In three lectin encoding genes of Phaseolus vulgaris, however, all the ATGs in leader sequences are in suboptimum context and are not followed by terminator codons (35, 37) before the proposed/observed functional ATG is reached. The predicted functional ATG fulfills the only condition of longest open reading frame.
2.
The plant consensus sequence for the flanking regions of ATG is TAAACAATGGCT which differs from CCACCATG(G) for animal genes G (61) by a preponderance of Adenine at -1, -3, -4 and -5 positions from A of ATG. At -2 position C occurs in 47% of the genes, while TCATTATATATAG  TCATTATATATAG  ACATTATATATAG  TCATTATATAAAG  TCATTATATAAAG  TCATTATATATAG  TCACTATAAATAG  TCATTATAAATAG  TCACTATAAATAG  GGGCTATATATAC  GCATTATAAATAC  TTCCTATATAATC  TCCCTATATAATC  GTATTATATATAG  AAGTTATAAGTAT  TATTTATATACAC  CCCCTATATATAC  CATTTAAATAAAC  GTCATATATATAC  TTCATATATATAC  CAACTATAAATAG  GAGCTATAAAAAG  TAGCTATAAAAAG  CAACTATAAATAG  TCCCTATAAAAGC  TCCCTATAAAAGC  AAGCTATAAATAA  CTACTATAAATAG  TGTGTATAAATAT  TGTGTATAAATAT  CCTATATAAATAG  AAAATATATATGA  CTCTTATATAATA  TCTCTATAAATTA  TCTCTATAAATTA  TCTCTATAAATTA  TTCCTATAAATCA  AAAATAAATAATT  TGCCTATATATAC  AAAATATATATTG  GCTGTAAATGTCC TTT   AGAAAAATGGCT  AGAAAAATGGCT  ACAACAATGGCT  GAAAAAATGGCT  AAGAAAATGGCT  AAGCAAATGOCT  TTAACAATGGCT  TTAACAATGGCT  TTAGCAATGGCT  CTAACTATGGCT  CTAACTATGGCT  AAAGCAATGGCT  TCAGAAATGGCT  TCAGCAATGGCT  TTAGCAATGGCT  AATACCATGGCC  TACACGATGGCC  GTTTCAATGGCC  GTTTCAATGGCC  ACCTCAATGGCC  TCTACAATGGCT  TCTACAATGGCT  TAAACCATGGCT  TGTACAATGGCT  ATTACAATGGCT  GGTTAGATGGCA  TCCACCATGAAG  TCCACCATGAAG  TCCACCATGAAG  TCCACCATGAAG  ATCGAAATGGCT  ACCGAGATGGCT  GACACCATGAGG  TCCACCATGAAG  CCAATAATGGCA  CCAATAATGGCA  ACAACAATGGCT  ACAACAATGGCT  TCTACTATGATG  CTCTTCATGGCT  CTCTTCATGGCT  CTCTTCATGGCT  GTCACAATGTCC  GAGAAAATGGCA  TGCAAAATGGCA  TAGAAGATGQCA  TAAAAGATGGCA •  TTGAGAATGGCT •   1   1 for base selection at a particular position. By applying the same method of deciding consensus sequence as described in the present paper (Table 2) to their data, the consensus sequence appears to be ACAACAATGGCT for the cDNAs and genes included in their paper. G Recently, Luetcke and coworkers have also obtained AACAAUGGC consensus for plant genes (66).
So
Taking into consideration all these data together, it seems that the suggestion made in the present paper represents the general consensus sequence for translation initiation and its context in nuclear genes of higher plants.
3. An another interesting observation can be made from the data in Table 2 regarding consensus sequences of a few groups of plant genes. (Table 2) .
Leader sequence analysis:
1. The length of leader sequence varies from 9 to 193 nucleotides with a predominant length of 40-80 nucleotides in 53% of the genes.
2.
Breathnach and Chambon (64) Tables 1 and 2 is CTCATCA which fits with the earlier consensus T except at the last base. 
1.
The term putative TATA box is used in this paper because only in a few plant genes has functional analysis been done on the basis of deletion mutants confirming the promoter action of this region during transcription (68-70).
2.
A clear cut TATA sequence occurs in 84% of the genes listed in Table 1 .
Its absence is noted in 13 genes including a cab gene, a patatin gene, a lectin gene, two actin genes, three heat shock protein genes and five enzyme genes.
Absence of TATA sequence in house keeping genes versus presence in inducible genes has been observed in animal genes (71,72).
Against this background, its absence in the heat-inducible genes of plants is interesting.
Possibly, the consensus sequence for heat-inducible protein genes in eukaryotes (48) might be functional in these cases. Among a bevy of plant genes studied so far, the inducible genes predominate markedly making any comparisons between housekeeping and inducible genes impossible.
3.
The mean distance of 32 ± 7 nucleotides is maintained between the putative TATA box and transcription start site in most of the genes.
4.
The consensus sequence for TATA box and flanking regions in plants is TCACTATATATAG which differs from the earlier suggestion (64) for the flanking regions as observed in animal genes. When different groups of plant genes are compared ( 
